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 Experiments beginning to 
probe hyperon physics 

 Omega physics least 
understood 

 Model calcs disagree: 

 Lattice QCD can provide model-independent resolution 
to this question! 

Model) Screeninglor Disloc./Co(Quark    MeV 1843 E

Model)Quark  Chiral (SU(3)   MeV 116 E



 Nonperturbative in 
nuclear physics regime 

 Discretize space and time 

 
 

 2+1 quark flavors 
 Purely strange particles 

easier to deal with… 
 …leading to cleaner 

signals (at a given level 
of computing power). 
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1. Gauge Configurations 

 Monte Carlo evolution 
weighted by 
exponential of the 
action 

 Includes: 
▪ Gluons, gluon interactions 

▪ Quark loops 



1. Gauge Configurations 

 Two ensembles used: 

▪ 203256 [(2.5 fm)39.2 fm] 

▪ 323256 [(3.9 fm)39.2 fm] 

 mπ~390 MeV 

 



1. Gauge Configurations 
2. Propagator 

Generation 

 Invert Dirac matrix 

 Calculation on each cfg 

 From source pt, to all 
other lattice sites 



1. Gauge Configurations 
2. Propagator 

Generation 
3. Quark Contractions 

 Combine 3 props to 
make omega baryon 

 Tie color indices to color 
singlet 

 Choose spin indices for 
correct lattice irrep 

 Momentum project 

 



1. Gauge Configurations 
 Same as before 

2. Propagator 
Generation 

 Same as before 
3. Quark Contractions 
 Contract 6 props, 

instead of 3 

 More possible irreps 

 More possible 
contractions 



 Discretization breaks O(3) symmetry to 
octahedral subgroup 



 Discretization breaks O(3) symmetry to 
octahedral subgroup 
 
 
 
 
 

 Different linear combinations of αβγ are in 
different irreps/embeddings/rows 

 S. Basak et al., Phys. Rev. D72, 074501. 

 

 Ground 

 Excited 



 After spatial sum, and irrep choice: 
 
 
 
 
 
 

 Energy levels extracted using 
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  mass ~1640 MeV 
   energy > 2x  mass 
 Scattering state, not bound 



 In Euclidean space, 
LSZ holds only at 
kinematic thresholds 

 Solution lies at finite 
volume…. 
 

Bound State 

Continuum States 

E 

Single Particle 

Two Particle 



 In Euclidean space, 
LSZ holds only at 
kinematic thresholds 

 Solution lies at finite 
volume…. 

 …..where continuum 
scattering states 
become discrete 
energy levels. 

 How these levels shift 
with volume reveals 
 

Bound State 

Discrete Scattering States 

scattering information. 

E 

Single Particle 

Two Particle 



 kcotδ at finite volume 
is related to the 
interaction energy 
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323256 

203256 



 10k random pairs from 
kcotδ distributions 

 Fit to effective range 
expansion 

 r distribution absorbs 
higher orders 

 a distribution is 
Lorentzian 
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79.5% 20.5% 

Weakly Repulsive Weakly Attractive 



 Scattering length & k2 values indicate a 
weakly repulsive system. 

                                          at mπ~390 MeV 

 Light quark dependence expected to be 
small, but needs to be checked. 

 Contrast with other lattice hyperon results 
that are bound states. 

 May just reflect smaller influence of light quark 
dynamics 

 arXiv:1201.3596 [hep-lat] 
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